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(54) B8Wco£*] 5VX*F9-Y >tJE-fiMHft*tt 



(57) [§Sfa] 

^*6cj:^^^>2y 3 >Cc»3jc3tiStt#6fil±*ia 

i , PWi*3P 2 7 RCtt#ta» 2 9 6 9 2 9 

-*»CcX#Sft*i*tePll#SB2 7 5BS2 7 a<E>fi}$R 

2 8 a, 2 8 blRlicWJI!W2 8 c£^:&3tfT4>&< <h 




(2) 

1 

^PicMil^^i £ n - Kt^Ai, 
hCcJ: 9 MriBIHfMPcDMHISCc^JsE b . 

K«feW©JKPBftSPWJ«aSI5Cc, lulB^-X^^M^T^> 20 

tnEttSfr^jR y^-b im<DM%i&m yu-b* mum 
itrfB^— striae* y ^tcm^ww6n&-<-- 

[ fflr^ 3 ] f»3jt® 1 IBKOt* * * * F ^ ^ffiltX 

nrfBHH¥s», gmy'i-- bm< l tffimm*fti±$*ttc3 30 

h Cc rj 8nBMHftffiOMBIS(c^JA b , 
WiBtf ta»<OJSII(*«MB«: . f*«:RW . 

IMS'*— *BM3\ huIB^+ V vtstcmQtfWbtiZ'*- 
5cgffiB3£J*ap*33* l/cCCi £ IT £ 
-fw 75 F^-Y^lf^-^>^3> 0 

c«t«3«4 ] * + y y^K0W6n^-^aj 

HH^SBSC/t^taSP^ 6 0 WBBKfa»*s«riB^<- -xaJK: 40 
33* <**i£ <b^&CH5rfBR(f*a53fea5<D«r*IB», IMXfficD 
^ FS^cMmI^^x. & n - F tr-Ai, 

->3 >cc*ji*t:, 

fc< <h&3JH*JS<t U 

UMBtffa**, s»«KRtfWJS«*>6 fc£*A>fr < £ & 2 50 
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2 

* , OTBWf*»R0f'< - * S$©8tJJt» i — »Jc*ja L » 
R«ta3P<^®^, BuIBHW*SPR^-^a5<D»<fc *>>ptz 

3> c 

»n- f tr-A(c8tD#w6nrfflriB-^^ FSBasRwe 
->3 >cc^i^r, 

fc< i«>3Jl«ift«!:0. 

maKfaff*, BWBW'jftajR^-^aji ^jsoftcc^ 

^H^'u- hOC*^L7fcC F^ 

[Mmm 6 ] it i - 5 ibkod^ ^^F7 -r.^-ffl 
BwarottsPo^M^u- f© — ^icmfia^ u^^^^^ 

^ffiifx^>>-3> 0 

[|»«3»7 ] lf*JI23l^4^ : b< «5iB*8©f=-f X 
^ F7^^fX^>ya>T?$)or ( 

MMZti$&&m7'i'- b (D—o^mM^—^ y' \y- b%m 

[i»3jew 9 ] i - 8 <DMn^5ciats<Dr ^ x ^ 

[ftd&g i o ] it^ii i -9 tafgcD^^ ^ ^ k ^ ^ ^ 
mt^mzfiy- bmcffimm&ftt£Z&tc'j>rj:< 



3 

[ift*31 1 1 ] fflWSJH 1 OIBiS©^ ^^K7>f^ffl 

i-T St 5 w x * F7 W :?7Blf X-<>^ a >©HMSo 
[0 0 0 1 ] 

juh «DWffiraSlR:A « $ ft & ^ -/ x * 10 

[0 00 2 ] 

^WLtl^ 0 COtt'Jr^ rH^s^ 3 ^>^ 
[000 3 ]Wi«*iSft(USP)»4 ( 16 7, 

7 6 B-^wiiWccEKsnr^-Scfc^cc, WE+ty^ 20 
swcRWAi^-f x^ K^-f ^fflif^^>t/a > axr. 

mc l~^X-<>->a>J <b*frr&) SttfX-^v'a 

[0 0 0 4] BtrfB^X-O^a ««fc««kfctea> 

FfcT — A (load beam) RO- F tf — A 30 

jtasGpfeEr^u^W (flexure) UMBO— FfcT— 

AOSSJ5CC U - If SS*tC ct o tiS $ ft X7*U 
— iulB^-X;/^- F«, fuiB 

[0 00 5 ] 

f^^F7^ ^-ctt, gB»-r^*««©i«affl[<bi 7^ 
[0006] ^(Dtc&), &miMW)*nm?&±mm 

[0 0 0 7 ] g^-^r, 7^?aI-^^7>fW 

©WitasfcfT^&^-F >; ^T—A£i?-x-^>->a><L 
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4 

'T^ct>^miiBitx--<.>>'a>tJ, ifffeTwx^cD 

[0 0 0 8 ] L^LSe^t*, B2 2fc:7jrriJ"X^>i'a 
>201©o-Fe-A2 0 3©J:^fc, iSLltctt 
£WJ#a52 0 3 a£. ftSL2©tffci»2 0 3 b 

fecD^n^u- FrM^nr^/cfc^ Mttfl52 o 3 

aCC»R3ft£tt«B (iKMtt) «fa»2 0 3b{CB 

[0009] mc, nmm2 0 3 a<D^o 0 s 

1/ $ 5 £ £ & 6 , WfflKc <£ £ Wtt r v ^ Cc «l® JW* * 

[0 0 1 0 ] CftCC*tU*ffi#lt (USP) *5, 18 
7. 6 2 5#BJ*ffl#tCfBt8$tiri^^2 3 . HI 2 4 
^Tcfc5£t£CD£>£>& 0 C<D1f X-Ov-a >2 0 1 A 

i2 2<D*>CDilH«tC. WKtffl2 0 3 aRCJttffaW 
2 0 3 b£rffx., ^-X^U- F 2 0 9lCj:^X*+ U 

^T~A&c^£ftr^& 0 /a^-offe. Ei2 2tc^r 

[001 l] fir, CCD IE 2 3r^Tt^^>^3> 
20iAtt, S C - s c^Sffiir^n 2 4 © J: 5 

CC k P- Ft^-A2 0 3^3«tfiiftotl^ 0 
*>^2ec©3feW^U- F2 1 7. 2 1 9fSKC«Jlt«2 2 

[0012] L3&>L/*3^6, CCD1fX-<>^3>2 0 1 
ATB, fcfrte§P2 0 3 bCC*J^"Cfe«|ft»iH— <D3M 
aBfiKffi<fcacor^Sfc», «fc»2 0 3 bfcRScgft 

[ 0 0 1 3 ] X, itX-<>-> a > 2 0 1 At«, ^ift^P 
2 0 5*3Jl«»*Ofc©©*fOfttf6Cj:or«flSOr 

[0 0 14] *CT*«?8», »*Sti^tt*BKij£i;S 

[0015] 

M^i^n-Ft^Ai, Rn- Ftr-AtcKOffw 
t^'^x^ F^-r^ifx-o^3>^4dt^T, mrfBMM* 



(4) 

5 

[0016] g»*^ 2 CDffeB^^, fi^*! 1 Ifi^CD^ -/ X 
h tc <fc «3 Mri BNf ttffio^tcj&a 1/ . tt«taSB©KIIM* 

JWMli5it»*RW, ffliB^-XWtt, WK**y*^te 

[0017] M#E3 l»*3S 1 IBKOfw X 

&m?'U- hlHCC»lB»*^aES^3«l«3e-C*»3. 

h tc 0 «TfleiMftflSCE)NHR(c^JG£ L/ , tula tf JaSBCDSW 
3a$a$*— fttcRtt, HulB^-XSBra. buIB 

* + y ^^ow^n^-x^u- hcctuiB^ 20 

[0018] $;$oM4<Dmmz. * + y r^ClOfW 

«W^^-*SKc33*<S n& & ACcmBMttffijHB® 
1#HiB». SKffl©^^ F*cMfl^^i^P- F 
tf-Ai, i£n- Ft-ACCKO ffttfent Salary F 

la^-xasti, f 30 

UKSi-rsifttc striB^jsap^ utriB^jii^u- fr 

m$ta%$<Dm$:. MfBPBf*aPS.CJ f -^-x95(DJgJ; «3^>3& 
[0019] M*3«5CO»W», y v^CCflKSW* 

tr-Ai, Kn-F^-A«:BSi0#W6tirlWB^v F 
ffiitx^o^a >tc*5i»r. BuiBRllftgp*, &my°is- 

iBtf taw* , tnBuntas&cx^- ttjjijftfcjBJss-r 
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[0 02 0] If*31 6 <D#£BJ3«, ft*3S 1 - 5 !Bt£0:r 

[002 nit*i7o»^ ^mm2Xte4?£L< 

^^U-F^U, S?iB?i^«^U- h<D— He 

pfta^-x^u-F^sjgH^-r^feg-c, fflfiaffecDffl 
«••<!:«. 

[0 02 2 ] 8 <DRW3\ 6 X« 7 iBtfcCD 

F7^M^>y 3 >r*ot, StffBW* 

[0 0 2 3 ] |»3^B 9 <D£MBtt, If ^ 1 - 8 (7)f5jn^ 

#msanx»Mw §ci iti>c 

[0 0 2 4] 1 0 <E>#fe§B W\ f»*31 1 - 9 IBKCD 

[0 0 2 5] n^g 1 1 ©fM8«, «*]B 1 OfBt^^-r 
[0 0 2 6 ] 

[*?aos»*] et^^g 1 oiwrii, f aokh 

^>i*CC ^JB»»(Z)SB«ia«'ft*ia*C<t3&J't?* 

[0028] 2^c, 3 »«ffitc j: -3 x mm$(D nm* 

*3 6Cc«iwr&c:i3&sr#-6 0 



(5) 
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[0 0 2 9] 18*312 <OWJrCW\ f***I 1 <D#MH<E>S& 

[0 0 3 0 ] Ssjffc, iMBtfteflSttt mTlB^Jl^'U- h<D 
«>. PII»»©3j»|»Jft«:J:4i«PBttfb«:«toi&r, 

<E>o 

[0 0 3 1 ] fflriBfcHaSKc* SWB-^-xSB** 

*>*fc*ft < <t & 3 »«S©li»aB*i8!^, WSB*<- X 

5. 20 

[0032] ee^r, ^WteMfb«B9to&seK * 

[0 03 3] B»3R3«3 <Z)«IB"Ctt. 1**11 1 <Dmm<Dyfo 

mem*-. swaniftffttsftBi^u- MBtcwjw*^ 

«Ci^S 0 30 
[0 0 3 4] gfc, BWBfc&faBM** #l^U-KD-S 

t3ffi<Dm.m»$mitc s 3d*»*— <*tc»w, tuis^-x 

CCB(riB3:J*a5^:3a* Istctcdb, MftflSO 3 Jl«J£tc«fc £ 

^ u - h tc cfc 0 {S«*affi»{ fc £ BBttc B & C <t # 

[0 0 3 5]^, ^flttcMffc*BOtt#&, S 
ftSJ^fc- F<E>S(i*ft< ^> F n-;UT?^Si^C 40 

[0 0 3 6 ] n3j8H4<0*9rcra: % mFiaW{*^^H^ 

[0037] twa^-.xsw*, »^-^»**ihi 
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fc3JB«ag**tr£;k.a&, ttft*B9ft#i6'<-*« 

[0 03 8 ] $ liWEfcfcfaBP^ ^JiaaiMSMSSB 
*>6&£4>&< £fc 2 JMHg fjfB^Hgp 

jftCBSCitfTSS. 

[0 0 3 9 ]^, ^WKa»fc«B9ft#6* «■ 
F<DS*H&J:9ffi< 3>hD-;l/«Ci^ 

[0 04 0] ft*Jl5<D^HjT?^ tneMftfffr&M^ 

[0 04 l ] £7c. BaiB-^-xg|J«ffriE^-^SP**S5S 

[0 04 2] S 6«c, WBHKiaffl^mEliMWBa^- 

[0 04 3] S^or, ^»««Cft«ft*ia«5tt3&J6, # 

[0 044] 6 CD^B^TiJ, If 1 - 5 CD^B^ 

y U^^^^r^jg@^-r^>fu^T:\ mrlBffe<D^H^*U- 

[0 04 5 ] IS*^ 7 ©aw-rtt, IS*J1 2X«4gl 
iEffl^^JR ^ u - h cd l -occflalB^- x ^ u - b zmW; 
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9 

[0 04 6 ] »3j»B 8 ©SWt 6 XB 7 

[0047] m>m9<DmM~ete, i -8©i5jn 
^©»wcr>s»*6caiA, iwad>«c < ± & 3 jBWjgowj^ 

[0 048] i»*3S 1 0 O^BJ^C fcfc. St*3B 1 - 9 OfSJ 

[0 049 ] »3j£® 1 1 <D»WC«, »3R3« 1 0 0>&m 

*>o«KJ: < Sg^lT £ C £ **C* & . 
[0 0 5 0 ] 

(m i ntk^tt) is i \&&m<o 
mim^nm^mmotcit^>^B>4:m-r^>^- f 30 
7 s -/ p^^^— gp»Tffi|^^uri/^ 0 con 
<D<fcMc % /\— Frw F^-f^l W3£4m>k: 

£7&t<£oT, (ft3*tfJ*^«:ttiaiBtt3n-S. BuiES^-f 
y*^5tt. a«o+ + yr^r-A9 (Him 

fc-?X-^>^ 3 >l 1 &-?*X^>^3> 1 lOifcS 

[0 0 5 1 ] itflB* -r 'J y 5^5 3^NIBM3 fc^frKJHg 40 
tSCitci-ot, BSriB^ FSP1 ZfA^Fj X^ 1 5 CD 

9fSB f ^ ^ # * tuia^ ^ fsp 1 3 mm 

[0 05 2] MiBT^X^l B^WiKHiRUfci*. §£ 

f>x^i5 imrisx^ ^ 1 7 icDPB^c^m^A^jA 
t^ci^Ccfc^r, MiBx^^i f^x^i5^ 
MfcWcJ¥_Lr r^x^i5^7^"l 
IMIC^T^T 'J>^W$n^, 50 
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[0 0 5 3 ] BfrlBlf X-0->3 > 1 1 WAtfB2CD 
i^WoWS, M 2 ^fulBI^ X a > 1 l^S 

7 u +i/ 1 » 61H4tIir 5. coif x^>;> 3 

> 1 ^-XSBl 9in-F^A2 1 L&mZ-X 

[ 0 0 5 4 ] fjfB^-X£|$ 1 9 kfc, ^-^7'1/-F22 
*i^.ri^. C(D<-X7 s i/-h2 2(i, UWEiaio 

[0 0 5 5 ] tyfE? ^>^3$2 3 fct, 43lffl01B(C4sl» 

0. 15mmiS(ca£$nr^5 B &te:7^>^g|52 
3«, ¥I^6ir RM^i'K:MtS C <b 

[0 0 5 6 ] MIEtf<xa$2 5 fuiBH 1 O* + U * ^ 

r-A9cc^6n^wuc^^n, *kxbr2 5o 

[0 0 5 7 ] S91BP- F bf — A 2 It*, jfe**©-^* F 
SIJ1 7&c;Si^m£#£5fcOT-£>£. 
COn- FhT-A2 1 tt, i3©Mi?:fe#M« 
<t, ffl#«2 7 <fc«fafflJ2 9i«Kt^, falBMiJ^ 
§P2 7B, 5fe£fiT#P2 7 aWJ*SS3SaJ2 7 b {C»0t*^ 

2 7©!?^ = 1 0 0 jLtmSffCcKSSnr 

[0 0 5 8 ] «rSBM{»flS2 7», mSCDSA-SA^m 

KHia , r*sia4*fc#jH"rsi, ^js^u-f2 8 

a , 2 8b mCCWJIM 28c ^r^fi^ i±, £ "t? 
fflS«cH£Stifc3J11«Jii«:ori»-5. HtflB^Jl^U 
-h28a, 28b {J, Xf>UXi (S U S) ^Ci'CC 
£-yXBJ&£tl. -S^l7 , U-h2 8a0li^t 
l = 38/2m!^ilC^$n, M©^l7'U-h2 8 
b©f^« t 3 = 2 0 MmttftciSSStiri/^. fufB 

wn«2 8 ctt, ij<y f (p 1 ) . x#*^&ir© 

*W^U- h~CJfcf£$ti s *<Dm&\* t 2 = 4 2 (zmtt 
ac^g^ntt^o cn6il7*U-F2 8a, 2 8 
b , ^fltil 2 8c (DM?* t 1 , t 3 , t 2 O^-tf-^ 1 0 

[0 0 5 9 ] 8tr£M^ffi2 7 *?1?L 31a, 31 

b, 3 3^e>ntl^ 0 SI?L3 1a, 3 1 blig 

^^<Df4a^O^(D^©^*So SulBmM?L3 1 
a, 31b, 3 3«, f>^i*tCj;" 5 rf 

[0 0 6 0 ] ffiraBM«flS2 705fe^2 7 a t*£JB:/U 
-F2 8b©*©lJBi^ot^6. C<03fe«SSB2 7a 



n 

fct. W^.«^^^>^i*CCcfcor^JS^U- h 2 8 
JU 3 7 KrlB^S^U- h 2 8 b CD^gaS 2 7 a CC 

[ o o 6 l ] *i/r. **Hffl?««:450*r, Buie-fv > 

3 7 ©fflttJnXSB*« 1 tfeCO^Jl^ U- h 2 8 b CD* 
^ft)tltl^ 0 fi£oT, 3JH<DWJf*:ffl52 7-eofcCDCC 

>^VU3 7 SRWSW^CCJt^r, 1 :/U 10 

- h 2 8 b lc<D&.m?2>Z £teJ:0ffl^Xrt*R«>r8 

[0 06 2 ] Wfa53:*agP2 9 — STO^JS^U- b 2 
8 a <h— t*(D^U- htc<fc 0H!lf*8lJ2 7<D«gSBCC^$ 

t"> uxsi ( s u s ) r»jflts ft, t = 3 8 

iumic^$nn^ e C<DfcttaSl52 9 &C«, 9 

PMBSR4 1 a, 4 1 b 3&sfitf ia5e»<0«ta 20 

[0 0 6 3 ] Bfia«*aW2 9©JgRBftaPWJ«a5CC«, Su 

ia^-^gp i 9 *«s!i-rs*isft*jii^u- h a 3 a#*— 

^JfeTf^&cfc^T, «»r>l/Xi (SUS) r 
m&Ztls *G>Mfrtt t - 3 8 umr^^nn^o 
C<Dffl«^»^U- h 4 3 atCflfe©S»^M^U~ h 4 

3 b ««Mgj|4 3 c £/hfiE3tf T^b-t*\ «»?Wfc£-c 

£o 30 
[0 0 64] C (0*8386154 SfcfcttSWi^i&JK^U- h 

4 3a, 43b, ffimm4 3 c <D|»ffit£> « iBRMAffi 2 
7CC*jtt^^K^"U- F2 8 a, 28b, ffiflll2 8i 

= 2 0 /zmCCRjesnn^. m3BMJ9M4 3 # 
K (PI) * x^+^^oWll^U-hT^JsR 
3ft % Wlf^tit =42 MmtC^f ^nti^o 
[0 0 6 5 ] gffiBfiBa&P4 5 (Dftffl&Vtte* huIB-<-^ 
:/ U - F 2 2 <£> 7^ > 2 3 <O^S5^K KlSStJC b 40 

[0 0 6 6 ] BJriB1ffl«gP4 5iC*fU, 192 (Z><fc 5 

U-F2 20^It, -^-X^U-h 2 2<DffiM2 
2 a fct, BfflBtf iaSP 2 9 flDWP 3 9 3 9a CC— gfc 

LtlQoTl^. ffi-^t, ^^7'b-h22l:^t 1 J 
^^5tC^^fW/c<h^tC N -<-X7"U- h 2 2&C<£o 
T«faW2 9®^»*i«*C^T£e±#T!**fc 

«>, boas 29iao rp«»» 2 7 *ffisitc3iitt3»-r 50 
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[0 06 7 ]^, ^X7'^h22(?)77>^23 
2HIJfc»J«<fcO«>/J^bL, «<Dfui»2 2 a*^P 

3 9CDf£#3 9 a J; 0 . <£ D ^ X §|5 2 5 ffllJ^T 6tCi 
&pj#£r£>& 0 £/c, :7^>^a$2 3£, #Xffl$2 5© 

[0 0 6 8 ] HuKWJ<*ai52 7CC«, 0 2<D<fc 5 fie? 

k«i 3o«HF-{c-en^na»a®at3ti. fl&ssraf* 

IB^ U^->^4 9(D^>^|55 7CC«. mfta^^-Y^l 
7*S8f$ntl^, 8ffiB^>^ffl55 7», BJiEMtMR 

49», li«iEfWf*6B2 7Cc^b^*^i56 1 tcJ:->Tig# 

4 5CCjg*aJ6 3*C:te^T$6*B5g3ftTl»<&. 

[0 0 6 9 ] ftufBtf^lU 5«ca-rS^-^^U- h 2 
2©StiE J&Xfy K^>t4 9©BH*IH52 7M« 
3*6154 5CC*f*rs®#@^«, 13 5. H6©<t5K:fTto 

ira^o H5«B(riB^<— x^u— I- 2 2©SfS{cfc 

[0 07 0] £ 2 , HSCD^^C, -<-^7 s l/-h 
22077 >^g|52 3 tt, fflftfi3|54 5 <Z) 1 ^(Dffi^Jl 
— h 4 3 bl,C]s—V s mi£%:£lC£~?X%§m^4 8& 

SJIiI4 3cfCfiS#ffi©A6 5^ «^x-^>^ 

fC, 4 8 <DMt**WIIBM 43c^ 4 3 c ^ 

C^fi^JH 7 4 U-F43a, 43b IHOtttflUCcMU^IR 

Wrci»i|^^c tot, s<-xy'u-b2 
2iM^4 5t©IS'&*fl«icfT^3Q:*S6, S»SI54 

[007 1] 196 1£> ffiriERHftBP 2 7 RO f ffl«ffl54 5 ~C 

«P6 1 £*'k*Cifti!B*r£ WJf*aJ2 7 CD 1 ^<D&m 
y°\^-h2 8biCg(riE^U + ->i'4 9*»#SB6 HC<fc 

-r^aat?, MiafdEo^n^u- h 2 8 aso j «)isi2 

ii^nrt^o ffi^r, MftcflS2 itcy u^^^4 9 
*«#§P6 l«cJ:-oriB5«:**H3E'r-5Ci3&Jt7#a 
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l/-fgWWH12 8 c^>, W12 8 * 
C^K^U- F28a, 2 8b PJ(D«#CCj»jR**R« 

[0 0 7 2 ] BMaffiSSIU 5«i/cO^ Ft:*- A 2 1 

u ( a ) tt^«att®B«xa, ( b > » u^* hm 

^ m?t. m»JM. (c) BSUSi*^>yig % 
( d ) W U h §iJHf Ig % ( e ) tt«ttg:n * * > ^X 10 

[0 0 7 3 ] 07(a) ©XfIT\ IttfflH^U 

-h6 9a, 6 9 bWK:«*f«fJ»H6 9 c*MS*fc 

[0074] yccc, 07(b) ©nr, 1 

3, 7 5tt, ^n-^n?L7 7, 7 9. 8 1. 8 3, TO 20 

8 5&^Wbri^ 0 (b) ©zir, m 

yt. m7 (c) (ojz^dcmu^m^iy- he 9 

a. 6 9b6C»S958 7 f 8 9. 9 1. 9 3. 9 5^ 

[0 0 7 5] #^c\ 07(d) ©lit, h 7 

3. 7 5*«I1« B 

[0 0 7 6] ^CC0 7(e) ©Igt, ^ ^ *>#9am 
U S*fl»JIB»6 9 b6c|**»9 7. 9 9. 1 0 1 £7f& 

[0 07 7 ] C (DKJS^ffiK: <fc 0 , «i«|»*BB 87. 30 
8 9. 9 7#H3©KM?L4 7*JgfliU K**SB9 1 . 

93.99 *sraflae*de>ffl©na?L3 3 &Bf&u. 

£|S9 5. 10 1 CCj:r>r«ia»2 9£ lBCC^T^C 

[0 078 ]^ ±ffiSBfcJt»rfcl\ tffa«S2 9 £J«* 
g|52 7 CO — JjCD&JM h28 ai- i*0CflgJ5ROft: 

J&s, EI8(Dcfc^CCtffcigB2 9*ffe^<3D^"U— h 2 8 b <h 

ttt, ^I7'l/-F2 8b, tffeSP2 9. *B58*«^U 
-h4 3b©*«*st = 3 8ittmCCR3e$ti. ^JS^U 40 
-h2 8a, ^!7*l/-h4 3a(DSJl>OH=2 0 

[0 0 7 9] W3BPI!H*W2 7CCK, 09. 0 1OCDn- 
F fcf- A 2 1 ©J; 5 OC, c|3mflS2&e9ffl!l(CffifflW3 5 * 

8CC»J*LW-6. mrfB^ft§|53 5«, HH*«2 7©PB* 

T1777 
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ffiftfflJ3 5ttffi^3<-r-2>C<!:3&sr#-5 0 

[0 08 0 ] i9iafift«J3 5 1*. ^my'is- h 2 8 b dC 

©IMtftlxaWS 1 tftO^JR^U— F28b (D^iCtrbft 
tl^S. fflot, 3JB(Oiilf«B2 7*©*>(DK:«ftW3 
5%RWfcO, 7 s ^ >^VU3 7 £Ktt&*§£'K:I:b'*-C\ 
l*C<E^JS:/U-h 2 8 bfc©J&RWSCifc±0Mtt 

^>7>3 7^#5C<h^^ 0 (ft. ffifflas35te\ 
^I^U-h2 8a(DM^|,Ci^t, *3fc, ^ 
M^U-h2 8a, 2 8b©^(C^^Cifet§ 

[0081] ^«c, _hfeoj: 5 tcwfrau2 7 t^ai^u 

-h28a, 2 8blBCC»JIBB2 8c*^ftS-efc^Jl 
Siil, «feSB2 9 *Wf*gB2 7 cfc 0 fc^tt^JBtJB 

[0 08 2]«O, mtii2 2t2£<D'9- X^>-> 3 
D4Vfc-F©*&. -<-XgP2 0 9€rJnJgLr*«>6n 

©l:T177^ (1st Torsion^— F) £P¥i>\ 

[0 08 3] £T\ a- Ftf-A2 0 3<DZ^j^tK 

Tl^V>iZn-f h (»«l©©Z7SWli«S) 
*4IA J; S »?*f ffiJUfc: ^^i, LBy'vyy JJiste 
i:oTT 1 ^rV>^^> h P-J^^C i^Sofc, 
[0 0 8 4] ^(C, $UiIA©^J8fC <=t -5 i , SiKf 

(1 ) Z'W htC*f-r-S*^^7r^5?- (Couple f 
actor) Offet^d < 

[0 0 8 5 ] StflS^ v y^^y r >? ^-\X^Xm^ti 

[0 0 8 6 ] 
[Ml] 



(1) 



CCicn- FfcT-AT m«H2 2©J:^ 50 flBfi«:*5l»r, f=Y ^^UWHOfiftaJitWJbfcfe© 



(9) 



12 003-59223 
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*>&y^ v 2Wj£^xmi\l>tc&<DX&?> 0 (2) # 

>^*(a^ x mn<o ^ * >i m% urn - Ft- - at 

1 ®g£/J^ < 1T6 0 ( 3 ) JESL^ttGt < 
is-iXDftmtt-Z* (4) a- Ft'-ACD^DnPJtt 

[0 0 8 7 ] JifB ( 1 ) tCKUr«, ^20 3 b <D 

2 0 3 aCDZ^Wtt^r, jMtC^^ < C 

[0 0 8 8 ] ±IB (2) (Clilt^ %mm<<C£-oX ¥ 

zs>m%k*nz> £ ^ cc-r c <t <t o/c 

[0 0 8 9] ±iS (3) *tBilA(D^^(D 

y 



16 



10 



[0 09 0 ] ±IB (4) ^liltit MmcJz-?X^(D 

tecti®m^mrz>c<±&xit, ^Dnwtt^tgt 
[009 i] ^f, t 1 7 5 v *t<D^&m*±Mz<D& 

*) CC^iT ft tf , #{£M*i^c 59 Kifr < #SS«ffc& F 
( t ) ^n - Kt-AWIilriici^IWi^i 

m-^>hM (x) «^T^56^»n^Dnw 
t£s (x) tfrtbf^ >y a jv%$<Di2Ctiftemmx$ 

[0092] mi icd£*> ^cmm^m^^o m i 

1 (a)By=f (x)©a-Fe-A»«Bft**U 
r*JO, x&«©ffl«cauc»< ^>FM (x) (J, 

[0 0 9 3 ] 
[£*2] 



M (x) 



F (t) 



d y d x 



(2) 



fctDftPMSS (x) 5*. HI 1 (b) &c*rr<fc5fc: v x 

<2)5££. s (x) isy'^uxoitxcnn* 

At GO 

(t) f 



y d y 



Q = F 



S (x) 



*3E«a»*F ( t ) - lit^i, _bfB ( 3 ) 

« fCx) 

/ y d y 

e = t l Jl dx 

Jo S U) 

(4) S&OWJMS*i, *ffl«ACcJ:^jaHj|S*t 

[0 0 9 6] CCtKC D-Ft-AM*f (x) A 
M (x) cc B Z 



[0 0 9 4] 
[«3] 



d X 



★ [0 09 5 ] 
[«4] 



[0 0 9 7 ] 
[«5] 



(3) 



... ( 4 ) 

^>fm (x) Mfecnifttt 



(5) 



S (x) °c . - (6) 

x 

cct\ GfcWJtWttflHK, htta-Ft-A©«/rc* ♦ [0 09 8 ] 

(4), (5), (6) i&frh. 74>7frm<oiz me] 

■ f (*) x • B B - 1 2 

0oc=/ d x = -(7) 

G - h 2 G - h 
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$fcG&*s < -rs^ie*s*-s, * c o i o o ] 

[0 09 9IM, TlWBRtt, *ao?^>^a [«7] 



Tl Frequency «: ■ ■ ^ " ^ -iL_ ... (8) 



[0101] «±©<fc9tt2*«ffilBA©5WS«:*^i 

3^»^n n n^SS^(:$tiri^Ci^:lll 2O0S&CJ: 

[0 1 0 3 ] 0 1 2CC:fol>T, 2£#>6J»1«L S&2«L 
^3ffl v 14}fi *5«H<t*r-5xb, ST 1 
»twl, »2«c/*#*7nU ^SMtcfie^OSBP 
#©MKS#*^U ^4i^l©3fiilp n p©M 
I3#£t*U m5ffig^^2(D3M^ a a aCDSMiS^^:^ 
irt^o SP^tLT:«, xy'i/— K Ft?— 

[0 10 4] J*:7'U — h<DJl<^&£t = 0. 15m 
nu u — F fcT— t = 0 . 1mm, fcfcfagP<E>J¥ 
MZt = 3 8 MmCCR3EUr*S. 

[ 0 1 0 5 ] fi£* n a p<DP— KtT-Ati, ^^>ujx|i 

(sus)rfffi$n, f©M©n*«t = i oom 

mt^)^ 0 Sl®3Ife a n (t X^>UX.ii (SU 

s) ^e^ji^'U'- h^-en-enji^t = 2 5 MmT 

#'N5F(PI) t = 5 0 m 

mt*^ Mtt = 100//mi^^ri^ a 
[0 10 6] »2©3Jtfiftg n D n ra:* (SU 

s) (on&my'i'- v cornet =3 8 am, t = 2 0 

amtcRSSti. ^'H^ F(PI) CDfiJfliJKDil^tt 
t = 4 2 Mmt*^ *»tt = 1 0 OjumfCRSbr 

[0107] fit, ^ Q a nO^|5^cDfi^«, ^3ffl 

Tl^o *1. ^2CD3H^ a a a<D^PCDS?«, J£4 

l<D3mm&&X*te3 5. 6mg, ^2©3mip a D r 

[0108] C ©J: 5 ocm 1 <£> 3 mm&£h-c ^ ^p n P 
^Cj;b-<-r30%, ^2 0 3iltt^n n nr'«fl]2 l%^tl^ 

03Jl1#3t n a pi-r^t: i^Cctot, Hi— <DJl£-ea- F 
[0109]H13-B16lt SBWS»*SUTl» 



i> 0 ii3 «w,suc <* ssj-^ h ^ * *sa&©«fiett** 

HI SfrSZ'W F (*1WB#(DZ ^raliS £MtSL 

[0110)113, B14, 0 15. 016 tctet,* 
T\ ( a ) W±i^|*fe^ffi<Z)1f *^>^ 3 > 1 1 (DfJj^ 
|g^r^>i9, |HJ (b) 6i0 2 2CC^-r (a) £f5jDS2 
<D$£X:&<D%mm$k~C$>& 0 Hit. 0 170J:5{C, 3 
I*ftaoa- Ktf-Ali, Jl^ t = 3 8 /xm. t = 2 
0/im©Xf>UXi (SUS) (Di^JS^U— K 
20 m& t = 4 2 v m<D# »J^5K (PI) CD«Jffll*Sffll* 
^tl^o 3«»3giH,<D^tf(0»SK3 7. lmgr 
^>^>o »nWn-Ft-Att, I»t = 5Um, W 
149. lmg©Xf>l/Xi (SUS) ^C^nt 

[0111] cti6<DJOMS*3fi»6, a^ftffi^tfetefc 
OTttHl 4*#JBU aSL»tt«0 1 3 , 0 15, 0 
30 1 6^#lfS fl JH£Ut<£&^:7 (OFF TRAC 

k) (M£Uc£68§*i<DA#3) Bil4*#JfiO k -£ 
(DitOT l<=e — K<D^^ F^ ^Z'W F-fe>^>7W 
fc'TW (sensitivity) ttH16*#JHU T 1 -=6— F 
OP — F t^— AfaDtlft Z^-f h -fe>5>^ ^ tT-r* (se 
nsitivity) t*0 1 5 £#HB-T£ 0 jft. 015, 0 16 

UB*«C^3tirC»S2«f<Z>«S : *0. 0 2 54fgUc^> 

[01121013 (a) (D31M a D nTK, T 1 
40 F(DttMmmk&9. 0 (KHz ) ^&o/t<ZHC*fU 

013 (b) OSe*p a P T«, IhJ5. 0 (KHz) 

xn<tezt\<>5miiL&j)$<h-?tc <0i 7> o 

[0113] ^C, (SWAY) CCgHOTtJ, 

014 (a) <D3)S^p n pT13:, }mm%8&&l 7. 8 
(KHz) r»ofc©K:»U 014 (b)^pW 

HI 2. 5 (KHz)T?*D, 3^it D °n^X^^ 

(il7) 0 ( SWAY) T?^^>C 

50 ffiffloSEffCWIIR-rsci^*^. 



19 

[0 114] m£Uc<fcST 1 n - Fe-AtaDn 
fcteWU El 15 (a) ©3ifeW, Z'W KD 

*iDtiftsateis*©*ft«^o. oo 

0 4 (dee) T^fcCDOCtfU H 1 5 (b) <D«£3fc 
fifCtt> [510. 00 5 (deg)t$)ofc e CCDS*, 
3 Jf ^p a pTii, ftSUc«fc Sta Ctim^^<D 1 / 1 

(018) fl 

[oi is] u^x, irsuc^st i b ?tcm 

L/T % 116 (a) (D3mffi^£h~CteZ^J YOmttC 10 

<«ftj&>o/c 0 CftCCfcfU 19 1 6 (b) 0«£*n n p-e 

«#ttH3&>6W63^ttJ:^«:tiS«:*:*< fcofc, ceo 

aSEB#cD«6o#tc<fc0, StHEtcS*L/rm»S«H 
*2S5£l/ft:fc©*t\ C©«Wc*jl^r 3®«5Sift<D<fc^ 

f#6*lS D C*i*c*fU tae*ft-Ctt, Z^>fh^36x 

0. 0 2 5 4mmi 2 0 x 0. 0 25 4mmi«W 20 

A£<^*>0, 2 0X0. 02 54mmr©iBffittf 

tb^rasLtc <! fcs«n*s/h$< t?*s^, i^i^ 
»#a*^a*^«K:ac#-rsci3wc#. b^vtm 
ffi*±tf s c i t^ic^ fc (Hi 

7) . 

[0 1 16] cftfc<D*IM8*tt, *fiS£HBIA©_blB* 

*>»H*BIS2 7©imBtfe{fci, K*i»2 9©fi«ia3E»ffc 
*aflWSCi*s-C#, ±IBS-«ft^*ie8«:f#SCi 30 

[0117] £^c, HufB^-XSPl Safari* U 

y^T-A9teHK9tttt6ftS^~*:/U- h2 2 CCitu 

n- Ftr-A2 i + «c»U <fc05tffi 

[0 1 18] cur, *ft»ccffit-fb*iao&>&J6, 
F ^> hn-;U"rs<t^tt, 

*tfi««»<DHS«iR«<b*ISI0, */cJHSUc<tS1f-x-< 40 

3 > ^ ^ > ^ cDf&££ J: 0 BK«c«l*0-r & c £ 
£So (f 2HM$1) 018, HI 9W»^<0»2 

SBBfc»&w*ori>s. H l 8«l»2**»««:«sif- 

^^>->a> 1 1 ACD^OTEL H19tt*t»; vt?T — 
A9tci^x^>-> 3 > i l A*K0^yfctR«©KBI!ia 

«§ 0 ^ ±ga»i30B»«i»j6-rs««»»ccw 

BW-9*#L/T|ftWrS. 
[0119] *^ff^(D^^>^3> 1 1 Ate. * 

■b&s«<ttoyt»^«:jaLrc*s. *SB»^tc*5i^r so 
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*>, H«*W2 7 ti, f£JR:/U- h 2 8 a, 2 8 b IRK&W 

2 9tt. ^JH^U- h 2 8 b i— l»cr>^U- hr 

RW#aJffliJtc3£f#BP 1 0 3 »CC»ffiS*in»S. 
[0120] -^-^351 9 ACCfcWS-^-^^U- h 2 
2<D^-7>^B2 3«CB. SSSPl 0 5^6tiT^ 
So CCD^-^U- h 2 2fflJ<DjfcRffl$l 0 5CC, mflB 
tffoff 2 9 ffil<£>33#» 1 0 3 U - tf iSJgft £tC cfc^T 

[0121] C©<fc5&fliaK:j:or, MfrW2 7W, 
#I^U-h2 8a, 2 8 bMic»fliJ12 8 c€r^fiE$ 

t/c 3 mmmc & o r SM^t^ia o te^6i»wtt-fb*a 

T?^£ Q X, tf*a8B2 9«^«^U- h 2 8 d— W<D 1 
»<D^u- Kc<fc-?T»ES3ftSC£fc:J:g, 
»tfb*HSC S. 

^gift^«Bccte^r«, «fa»2 9K:-HtccRttyfc3a* 

951 0 H 2 2 fflCDJEfia* 1 0 5&CU- 

IfSS&i'Cc^orH^-rSfeCD'CAS^:^, HjfeVS 
^*>0, *^<fc06S^b*HSC<t3&s-r*S. (SB 3 
H2 0»*»9B©»r3SOk«IBK:«S^^ 
>>-a>l 1 BOSJEBSBffSH^L/ri^So » 1 ^ 

[0123] HtTSBIf ^^>^>a > 1 1 BOlfgSa54 5 B 

ccts, iff t©/cfeo^M $ nt^i> i2or 

fciH^L/'CC^li. ^/c^-X§|5 1 9 B<D*Kxg52 5 tc 

[0 124] fit, ^IfltC^l^it P-Fh' 
— A 2 1 B<£>MttflS2 7 B^H^U- h 1 0 7 a, 1 

0 7 bratcWfliJl 10 7c *^ft3i±Tte3«*3gfC» 

3 6CC±TK1«|IM1 0 7 e, 107g^lti 
I^U-M07d, 107f^l 7Iflfi6iOfc 

&<£>r$>So 

[0125] MIB^-^SP 1 9 BCDffl^g|54 5Btt, M 
f«2 7 BiRMKtcMgj^Jl^U- M09a, 10 9 

b, 109d. 1 0 9 f tfflffiMl 0 9 c, 109e, 

1 0 9 e<D7H<D*SB<t&oTC>So 

[0126] WiB«faaiJ2 9 B ^1135 110a, 1 
10b^l7'U^M0 7a, l0 7b,1S»3feM^ 
l/-hl09a, 109b (*tCJg^S0, 3^o«Miaj 
110c *P3!H*S|S2 7 b , ffl«aJ4 5 B©»JfgJi 1 0 7 

c, 1 0 9 ci— »K:»jsJE0, «*a»2 9B©»*3Jl 
£U P«*»2 7bao^SSW4 5B©Jt<fc«3^tt< L/ 

ri^Sc 

[ o l 2 7 ] c<D3l*s^3»r«, ^<-xy°u-bte 

^C^e>nt^6f\ ^»2 5^*i«aJ4 5 B<DW 



(12) 
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^my'iy- b 1 o 9 d(cigi^$nti^. mwm 

2 7 B, «*a3P2 9B, 1*^354 5 BO^i*(D^« s 

[0128] ^oT. *sot»»«:*5C^r*>, ^JStSii 
«cl^JB«IJfcO«ta»2 9 Btc J: 0 % ±&m 1 Xtk^llR 

[0129]^ ±geWBB*6c*$i»r. «afrff4 5 b 10 

«M*^JR U - b <D 1 »©^(D«jjKK:-r & C <h pjfg 
■C*5. X, 1 9 BCD*KX352 Ste&mUXffi 

«S»4 5B*68+t'J *^T~A9KIK9tfW&*§/& 

[0130] tffrB|S2 9 Btt^JlSP 1 1 0 aX» 1 1 0 
h<tffiJV§mi 1 0 cCD2H«}6, Al>i££MflSl 1 0 a 

ainoa, liob, rnmrn iioc <Dm-%fa<D®m 
u&Mrcth <o % mm%$ iioc noa, n 

feWSP 1 1 0 aXtt 110b <D— **«HB»iT5 
Cims, CO»^ SMiSPl 1 0 c<b«fJliSPl 1 
OaX^l 10 b i©«|»CD«K*KieTS3&i*©fl|jffi 
TOCH^^ 0 (»4l6ft»8) ^2 ltt*^ 
<Z>»4H*^3iiCC«-51f^^>^a> 1 1 COTOgfrM 

Hct{£lt:i*q:i>. 30 

[0131] *ISSK»l««:*5t*r», P- F b*-A2 1 
C<DPW*gB2 7 0^^mv'\y- Ml la, lllbffl 
(CWIIJB1 1 1 c*^a3^-C3JBHfJB<!:On^. £ 
fc-^-XgR 1 9 CO*«5figP4 5 Ctt, «S»3fel«^U- h 
113a, 113 blKKcWJiMI 1 1 3 c^/rS$t/c3 

[0132] «*aSB2 9C{t MfflR2 7 C&tfffiSiBP 
4 5CiW«CMl, H!H*fflS2 7 C^I^U- h 
1 1 1 bSom{S4 5C©i»^i^U- hi 13b 

>->h>1 1C«|JM2 7C, fcfctaBP2 9C. *i®6P 
4 5C^c£'(7)^W^i^^ 1 HjSft^«l<i:|5jacCRS 

[0133] ^^t s sHaw&JBccte^rfc, Mttffi2 
7C03JMB6, tfta«2 9C<Z>lJl«Jft, MQftffi4 5 

[0134]©, Mtttt2 7 C«3®»JgtClSe>-r, W 50 



2003-59223 

22 

4»fil±<&*JMtj6<fc U *^«*B»^«^U- h tffi 

mm<D2mnm, ffim&myu-b<Dfr<Dimte~?z>c 

[0135] ^-xan gco^-x^u- h2 2t£C 

ta£|5 2 9Ctt v H!H*eP2 7 COTHJC— jSMUI'C^-r* 
«L *4t»«*ISlr»4 5C<DTHK:— jSMWr*-*"«« 

[H901IM£&M9i] 

[hi ] *mi<DmimmBWi*mmisit."-\ : ?4 * 

[H3]»l SHBftBtcffi rj , P - F tf- AOttttETC 

[H4 1 »l*Jfc»««c«D, H40SA-SA5SIR 

[H5] «Fl*iBK»CC«f5 % H2CDSB-SB*aK 

[H6] »liOB|g»CC«0, *«W6 1, 6 3CCfeW 

[H7] m«l»IKc*9. p- F K-ACDWKrtt 
©«JEnS£?S U (a) 5i*JKBt#flE>«Jftxa, (b) « 
U>>Xh^fr\ SMfclOi. (c) «SUSx^ 

>^X*I, ( d ) tt HWIBia, ( e ) »«|Rx 

[H8] imWidtPJMO, P-Fbf-A© 

[ h 9 ] m i mmmm<Dm(D^&ffl(<c{% k> . Ft- 

[iioi^i xtk^tto $ 6 KflbDSagwectt o , p 
- f t:-j»<Dm$imx$>2> 0 

[Ml 1 ] *lSaBB*{c«0, (a) wn-Fe-A 

mmwD^f^r? s (b) fcfcteDnmtt^T^^T- 

[012] mi SOBB*5c««3 , fi£3fe n n ptc^*r-S 3MtK 

[Ell 3] (a) ttKri3O»0K*Cc«smaK:J:S*7 
h ^ v ^^feOHJ^fem^^T ^77t^i3. ( b ) \% 

[014] (a)IJ»l X^tt(cffi^£j«P(HK(D%K 

^77r*0, ( b ) «^n a aCD{^M^(D 

[IH1 5] (a) ttJ»l||JBgJB{C«*Z^-r HiRSL 
ic<fc^T 1 p- Fe-Afai;tifti©RH*©jaWS** 
^■r^^^-C*)0, (b) «p D p©Z^-/ higlSLCc 



0-3) 
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[016] (a)Ml»I(DZ^>fFc!:I^a 
^77 4 (b) fcffiSRfiOZ'W FiM?§L0cJ:€>T 1 * 

ffflU-X^^is a >Cr>^F®0T?&£ o 
[HI 9] f2»fKffll^-Ff^^ F 

[§20] *^<d^ smmmwiic&ZT* j 
[i2i] *^©i4»i(ci^f^^ k^-t 

[022] «£*0«C{fc£7W X* F^^^ffl^X-Ov- 
[02 3 ] ffi<DSe*WtC«^^Y F9-f^tfX^*20 



24 



1 1 C ^^-<>->a> 



[02 4] I2 30SC-SC^Iilir^^ o 

[W-^OKW] 
5 +t'j?y 
11. 1 1 A, 1 1 B, 
13 ^ KSB 
2 1, 2 1 A, 2 1 B, 
19, 1 9 A, 1 9 B, 
2 2 ^ — xy'i^-h 
2 7, 2 7 B, 27C 
2 9, 2 9 A, 2 9 B, 
45, 4 5 B, 45C 



2 1 C 
1 9C 



n- Ft- 



2 9C 

28a, 28b, 28c, 107a. 107b, 107 
d. 107f. 111a, 111b ^H^U-h 
28c, 43c, 107c, 107e, 107g, 10 
9c. 1 0 9 e . 1 09g, 111c, 113c jgjfl 
H 

43a, 43b, 109a, 109b, 1 0 9 d , 10 
9f, 113a, 113b mUteM-fls-h 
1 0 3 3EJ$a$ 



[0 1 ] 



[05] 



65 48 




43kT| 
43c X45 
43aJ 




(14) 



WW 2003-59223 




CH7] [198} 




83 93 75 79 89 




(15) 



^12 0 03-59223 






(16) 



nm 2003-5922 



mi 2 ] 







3JBt*>£@ 






tl 00 SUS Beam 
Cms] 


t25 SUS, t50 PI, t25 SUS Beam 
[m 8 ] 


taa sus, t42 pi, t20 sus 
Cms] 




to. 1 5mm 


14.1 


14.1 


14.1 




tO. 1mm 


26.3 


I5.9(with Hinge) 


17.4(w*h Hinge? 




t38um 


5.0 










4.0 


4.0 


4.0 






1.6 


1.6 


1.6 












St 




51.0 


35.6 


37.1 



14] 



15] 



(a) 



3 4 5 6 7 8 910 12 1416 18 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a disk 
drive head suspension that enhances the 
performance required for the suspension 
j through the design of high rigid components, a 
low resilient constant, a light weight and a 
damper effect. 

SOLUTION^ The disk drive head suspension for 
a disk drive has a base to be attached to a 
carriage, a load beam 21 having a rigid part 27 
and a resilient part 29 supported by the base, to 
apply load on a data read/write head arranged 
at a front end 27a of the rigid part 27, and a 
flexure attached to the load beam and 
supporting the head. The rigid part 27 has a 
multi-layer structure consisting of at least three layers including metal layers 28a, 28b 
and a resin layer 28c interposed between the metal layers. The number of layers of the 
resilient part 29 is smaller than that of the rigid part 27. 
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[0001] 

[Field of the Invention] This invention relates to the suspension for disk drives built in 
information processors, such as a personal computer, and its manufacture approach. 
[0002] 

[Description of the Prior Art] The hard disk drive (HDD) for recording information on a 
rotating magnetic disk or a magneto-optic disk, and reproducing has the carriage which 
can circle centering on a shaft. This carriage has become in the revolution drive 
structure centering on said shaft by the motor for positioning. 

[0003] For example, said carriage is equipped with the head section containing the 
slider attached in the carriage arm, the suspension for disk drives (a "suspension" is 
only called hereafter) established in the point of this carriage arm, and this suspension 
etc. as indicated by the United States patent (USP) No. 4,167,765 specification. And 
when a disk carries out high-speed rotation, while a slider surfaces slightly from a disk, 
air bearing is formed between a disk and a slider. 

[0004] the pole fixed to the point of the load beam (load beam) which said suspension 
becomes from a precise sheet metal spring, and this load beam by laser welding etc. - it 
consists of FUREKISHA (flexure) which consists of thin flat spring, a base plate fixed to 
the base of said load beam by laser welding etc. Said base plate is fixed to the 
suspension clamp face of said carriage arm. 
[0005] 

[Problem(s) to be Solved by the Invention] By the way, it is in the inclination for the 
informational densification and rotationt high-speed Hzing of a disk which should be 
recorded to progress, in said hard disk drive. For this reason, although the width of 
recording track becomes narrow, it is very difficult to maintain the head section 
correctly centering on a truck for vibration by disturbance, such as a ****** disk flutter. 
[0006] Therefore, a control band is raised as much as possible, and efforts to maintain a 
truck core are continued at the same time it controls each disturbance vibration. 
[0007] Therefore, high-frequency-izing of the amplitude control and resonance 
frequency of the various resonance modes of the carriage arm and suspension which are 
a structural member from an actuator to a slider, and the cure against **** have been 
the most important technical problem. That is, it is required that its spring constant 
should be [ said whose suspension is high rigidity further in connection with the 
densification of said disk and improvement in the speed ] low. 

[0008] However, conventionally, like the load beam 203 of the suspension 201 shown in 
drawing 22 , since rigid-body section 203a over die length LI and spring section 203b of 
die length L2 consisted of one metal plate, it was difficult [ it ] to be satisfied with 
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coincidence of the engine performance (high rigidity) required of rigid-body section 203a, 
and the engine performance (low spring constant) required of spring section 203b. 
[0009] Since the quality of the material and board thickness receive constraint by spring 
section 203b while it causes the increase of weight, although the increment in board 
thickness can perform especially torsional rigidity of rigid-body section 203a, there is a 
limitation in the rigid rise by the increase of board thickness. 

[0010] On the other hand, there are also drawing 23 indicated by the United States 
patent (USP) No. 5,187,625 specification and a thing as shown in drawing 24 . Like the 
thing of drawing 22 , this suspension 20 1A is equipped with rigid-body section 203a and 
spring section 203b, and is supported by the carriage arm with the base plate 209. In 
addition, in addition to this, the same sign is given to what is shown in drawing 22 , and 
a corresponding component. 

[00 11] And the load beam 203 has a three-tiered structure like drawing 24 which shows 
suspension 20 1A shown by this drawing 23 in an SOSC view cross section. That is, it 
has the cross-section structure where the resin layer 221 intervenes between two metal 
plates 217,219. Damping of the various resonance modes of a suspension is aimed at 
according to such structure. 

[0012] However, in this suspension 201 A, since it is the same three -tiered structure 
cross section as the rigid-body section also in spring section 203b, the low spring 
constant and exact spring load required of spring section 203b has not been attained. 
[0013] Moreover, in suspension 20 1A, since the box pars convoluta lobuli corticalis renis 
205 is formed by bending of the three-tiered structure itself, highly precise processing is 
difficult and there is a possibility of becoming cost quantity more. 

[0014] Then, this invention offers a technical problem the highly efficient suspension for 
disk drives which can respond to the engine performance demanded, and its 
manufacture approach. 
[0015] 

[Means for Solving the Problem] The load beam which gives a load load to information 
record at said tip of the rigid-body section, and the head section for reading while 
invention of claim 1 consists of the base section attached in carriage, and the rigid-body 
section and the spring section and said spring section is supported by said base section, 
In the suspension for disk drives equipped with FUREKISHA in which it was attached 
in this load beam and said head section was prepared A resin layer is made for said 
rigid-body section to intervene between metal plates, and it considers as a three-tiered 
structure at least, and is characterized by forming said spring section in layers fewer 
than said rigid-body section. 
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[0016] Invention of claim 2 is a suspension for disk drives according to claim 1. Said 
rigid-body section It is the three-tiered structure which made the resin layer intervene 
between metal plates. Said spring section It forms in the edge of said rigid-body section 
with one side of said metal plate, and the plate of one. The reinforcement metal plate 
which reinforces said base section is prepared in the anti-rigid-body section side edge 
section of this spring section at one. The reinforcement section of a three-tiered 
structure is prepared at least, and said base section is characterized by supporting said 
reinforcement section to the base plate with which the resin layer was made to be 
placed between said reinforcement metal plates, and other reinforcement metal plates 
were aligned with them and which is attached in said carriage. 

[0017] Invention of claim 3 is a suspension for disk drives according to claim 1. Said 
rigid-body section It is the three-tiered structure which made the resin layer intervene 
between metal plates. Said spring section It forms in the edge of said rigid -body section 
with one side of said metal plate, and the plate of one, and a supporter is formed in one 
at the anti-rigid-body section side of said spring section, and said base section is 
characterized by here where said supporter was supported to the base plate attached at 
said carriage. 

[0018] The load beam which gives a load load to information record at said tip of the 
rigid-body section, and the head section for reading while invention of claim 4 consists 
of the base section attached in carriage, and the rigid-body section and the spring 
section and said spring section is supported by said base section, In the suspension for 
disk drives equipped with FUREKISHA in which it was attached in this load beam and 
said head section was prepared A resin layer is made to intervene between metal plates, 
and said rigid-body section is made into a three-tiered structure at least. Said base 
section Even if few, have a three-tiered structure, and while considering as at least 2 
layer structures which made the resin layer intervene between the reinforcement metal 
plates which reinforce this base section and which consist said spring section of the 
metal section and the resin section Said metal section is formed in said metal plate and 
a reinforcement metal plate, and one, and said resin section is formed in the resin layer 
of said rigid-body section and the base section, and one, and it is characterized by 
making the layer of this spring section fewer than the layer of said rigid-body section 
and the base section. 

[0019] The load beam which gives a load load to information record at said tip of the 
rigid-body section, and the head section for reading while invention of claim 5 consists 
of the base section attached in carriage, and the rigid-body section and the spring 
section and said spring section is supported by said base section, In the suspension for 
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disk drives equipped with FUREKISHA in which it was attached in this load beam and 
said head section was prepared A resin layer is made to intervene between metal plates, 
and said rigid-body section is made into a three -tiered structure at least. Said base 
section It has a three-tiered structure at least, and is characterized by the thing which 
was made for a resin layer to intervene between the reinforcement metal plates which 
reinforce this base section and which combined it with the metal plate of the rigid-body 
section, and the reinforcement metal plate of the base section while forming said spring 
section in another object with said rigid-body section and the base section. 
[0020] Invention of claim 6 is a suspension for disk drives according to claim 1 to 5, is 
the location which carries out welding immobilization of said FUREKISHA one of the 
metal plates of said rigid-body section, and is characterized by preparing the hole for 
meat omission at a metal plate and a resin layer besides the above. 

[0021] Invention of claim 7 is a suspension for disk drives claim 2, 4, or given in five, 
and said base section has the base plate attached in said carriage, it is the location 
which carries out welding immobilization of said base plate one of said the 
reinforcement metal plates, and is characterized by preparing the hole for meat 
omission at a reinforcement metal plate and a resin layer besides the above. 
[0022] Invention of claim 8 is a suspension for disk drives according to claim 6 or 7, and 
the hole for said meat omission is characterized by forming by etching. 
[0023] Invention of claim 9 is a suspension for disk drives given in any of claims 1-8 they 
are, and is characterized by said thing [ that the rigid-body section of a three-tiered 
structure has the plastic-working section only on a metal plate ] at least. 
[0024] Invention of claim 10 is a suspension for disk drives according to claim 1 to 9 , 
and is characterize by the thing which was made for a resin layer to intervene between 
base material metal plates and which formed the multilayer base material of a 
three-tiered structure at least , removed the predetermined part of this multilayer base 
material , and set up the configuration of said base section , the spring section , and a 
load beam . 

[0025] Invention of claim 11 is the manufacture approach of the suspension for disk 
drives according to claim 10, and removal of said predetermined part is characterized by 
using etching. 
[0026] 

[Effect of the Invention] In invention of claim 1, since the resin layer was made to 
intervene between metal plates, the rigid-body section of a load beam was made into the 
three-tiered structure at least and the spring section was formed in layers fewer than 
the rigid-body section, while being able to attain a raise in the rigidity of the rigid-body 
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section, and low spring constant-ization of the spring section to coincidence, attaining 
overall lightweight-ization, the damper effectiveness can be demonstrated by the resin 
layer. 

[0027] Therefore, while the amplitude of various resonance modes is low controllable, 
attaining lightweight-ization on the whole, high-frequencyization of resonance 
frequency can be attained. Moreover, the effect of **** at the time of disk quantity 
rotation can decrease, and generating of a suspension flutter (the suspension by the 
wind flustering) can be controlled certainly. 

[0028] Furthermore, since a three-tiered structure can raise the rigidity of the 
rigid-body section, it becomes plastic working, such as a bending edge and a rib, is not 
fundamentally required, and possible to decrease the air resistance of the rigid-body 
section. The effect of **** at the time of disk quantity rotation can decrease also from 
this point, and generating of a suspension flutter can be controlled further. 
[0029] In invention of claim 2, since it is the three -tiered structure between which said 
rigid-body section made the resin layer placed between metal plates in addition to the 
effect of the invention of claim 1, while being able to attain lightweight-izing of the 
rigid-body section, and high rigidity -ization to coincidence, the damper effectiveness can 
be demonstrated. 

[0030] Moreover, since said spring section can be formed in the edge of the rigid-body 
section with one side of said metal plate, and the plate of one and this plate can 
constitute the spring section, the spring section can attain low spring constant-ization 
with a plate irrespective of a raise in rigidity by the three-tiered structure of the 
rigid-body section. 

[0031] Furthermore, the reinforcement metal plate which reinforces said base section is 
prepared in said spring section at one. Since the reinforcement section of a three -tiered 
structure was prepared at least and said base section supported said reinforcement 
section to the base plate for which the resin layer was made to be placed between said 
reinforcement metal plates, and other reinforcement metal plates were aligned with 
them and which is attached in said carriage, A base plate can be reinforced certainly, 
attaining lightweight-ization, it can be stabilized more and a load beam can be made to 
support to carriage. 

[0032] Therefore, while controlling the amplitude of various resonance modes low, 
attaining lightweight-ization on the whole, high -frequency -ization of resonance 
frequency can be attained and generating of a ********** suspension flutter can be 
controlled more certainly. 

[0033] In invention of claim 3, it is the three-tiered structure between which said 
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rigid-body section made the resin layer placed between metal plates in addition to the 
effect of the invention of claim 1, and while being able to attain lightweight-izing of the 
rigid-body section, and high rigidityization to coincidence, the damper effectiveness can 
be demonstrated. 

[0034] Moreover, said spring section is formed in the edge of the rigid-body section with 
one side of a metal plate, and the plate of one, a supporter is formed in one at the 
anti-rigid-body section side of said spring section, and since said base section supported 
said supporter to the base plate attached at said carriage, the spring section can attain 
low spring constant-ization certainly with a metal plate and the plate of one irrespective 
of a raise in rigidity by the three-tiered structure of the rigid-body section. 
[0035] Therefore, while the amplitude of various resonance modes is low controllable, 
attaining lightweight-ization on the whole, high-frequencyization of resonance 
frequency can be attained and generating of a ********** suspension flutter can be 
controlled more certainly. 

[0036] In invention of claim 4, a resin layer is made to intervene between metal plates, 
said rigid-body section is written as a three -tiered structure at least, and while being 
able to attain high rigidityization, attaining lightweight-ization of the rigid-body 
section, the damper effectiveness can be demonstrated. 

[0037] Moreover, since [ which has a three-tiered structure at least ] the resin layer was 
made to intervene between the reinforcement metal plates which reinforce this base 
section, said base section can reinforce the base section more certainly, attaining 
lightweight-ization, and can make carriage support a load beam certainly. 
[0038] Furthermore, even if few, while it consists of the metal section and the resin 
section, and making said spring section into two-layer structure, said metal section can 
be formed in said metal plate and a reinforcement metal plate, and one, and said resin 
section can be formed in the resin layer of said rigid-body section and the base section, 
and one, the layer of this spring section can be written fewer than the layer of said 
rigid-body section and the base section, and low spring constant-ization of the spring 
section can be attained certainly. 

[0039] Therefore, while being able to control the amplitude of various resonance modes 
lower, attaining lightweight-ization on the whole, resonance frequency can be 
high-frequencyized more and generating of a ********** suspension flutter can be 
controlled further more certainly. 

[0040] In invention of claim 5, a resin layer is made to intervene between metal plates, 
said rigid-body section is written as a three-tiered structure at least, and while being 
able to attain high rigidityization, attaining lightweight-ization of the rigid-body 
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section, the damper effectiveness can be demonstrated. 

[0041] Moreover, since [ which has a three-tiered structure at least ] the resin layer was 
made to intervene between the reinforcement metal plates which reinforce said base 
section, said base section can reinforce the base section certainly, attaining 
lightweight-ization, and makes carriage support a load beam certainly. 
[0042] Furthermore, the low spring constant-ization can be attained, without the spring 
section being influenced by the rigid-body section and the base section since it combined 
with the metal plate of the rigid-body section, and the reinforcement metal plate of the 
base section while forming said spring section in another object with said rigid-body 
section and the base section. 

[0043] Therefore, while being able to control the amplitude of various resonance modes 
lower, attaining hghtweight-ization on the whole, resonance frequency can be 
high- frequency -ized more and generating of a ********** suspension flutter can be 
controlled further more certainly. 

[0044] the location which carries out welding immobilization of said FUREKISHA in 
invention of claim 6 one of the metal plates of said rigid-body section in addition to the 
effect of the invention of claims 1-5 - said - others - since the hole for meat omission 
was established in the metal plate and the resin layer, when carrying out welding 
immobilization of FUREKISHA at the rigid-body section, it can control doing the 
thermal effect at the time of welding to between the planes of union between the resin 
layer itself or a metal plate, and a resin layer. Therefore, while FUREKISHA is 
certainly frxable to the rigid-body section, the engine performance of the rigid-body 
section is certainly maintainable. 

[0045] In invention of claim 7, it adds to an effect of the invention claim 2, 4, or given in 
five. Said base section Have the base plate attached in said carriage, and said base plate 
to one of said the reinforcement metal plates in the location which carries out welding 
immobilization Since the hole for meat omission was established in a reinforcement 
metal plate and a resin layer besides the above, when carrying out welding 
immobilization of the base plate one of the reinforcement metal plates, the thermal 
effect at the time of welding can be controlled to between the planes of union of the resin 
layer itself or a reinforcement metal plate, and a resin layer. Therefore, while being able 
to carry out welding immobilization of the base plate certainly on a reinforcement metal 
plate, the reinforcement function of the base section by the three "tiered structure is 
certainly maintainable. 

[0046] In invention of claim 8, since the hole for said meat omission was formed by 
etching in addition to claim 6 or the effect of the invention of 7, the hole for meat 
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omission can be formed with an easily and sufficient precision. 

[0047] Since [ said ] the rigid-body section of a three-tiered structure has the 
plastic-working section only on a metal plate, when in addition to which effect of the 
invention of claims 1-8 preparing the box-bending section in the rigid-body section or 
preparing a dimple in it at least, the whole three-tiered structure can be made to 
process it easily and correctly by not carrying out plastic working in invention of claim 9. 
[0048] the multilayer base material of a three -tiered structure be form at least , the 
predetermined part of this multilayer base material be remove , and since [ which set up 
the configuration of said base section , the spring section , and a load beam ] the resin 
layer be made to intervene between base material metal plates in addition to which 
effect of the invention of claims 1-9 , in invention of claim 10 , the suspension for disk 
drives can be form with easily and sufficient precision . 

[0049] In invention of claim 11, since removal of said predetermined part uses etching in 
addition to the effect of the invention of claim 10, the suspension for disk drives can be 
manufactured with a more easily and sufficient precision. 
[0050] 

[Embodiment of the Invention] (The 1st operation gestalt) a part of hard disk drive 
which has the suspension where drawing 1 applied the 1st operation gestalt of this 
invention - the sectional view is shown. Like this drawing 1 , the hard disk drive 1 has 
the carriage 5 which can circle centering on a shaft 3. The revolution drive of this 
carriage 5 is carried out a core [ a shaft 3 ] by the motors 7 for positioning, such as a 
voice coil motor. Said carriage 5 is equipped with the head section 13 prepared in the 
point of two or more carriage arms 9 ( drawing 1 four pieces), the suspension 11 
attached in the point of each carriage arm 9, and each suspension 11. 
[0051] When said carriage 5 circles centering on said shaft 3, said head section 13 moves 
to the request truck of a disk 15. Said head section 13 contains the transducer (not 
shown) held at the truck of said disk 15, the slider 17 formed in the location which can 
be countered, and this slider 17. 

[0052] When said disk 15 carries out high-speed rotation, when air enters between this 
disk 15 and said slider 17, while said slider 17 surfaces slightly from a disk 15, air 
bearing is formed between a disk 15 and a slider 17. 

[0053] Said suspension 11 has become like drawing 2 . Drawing 2 is the perspective 
view which looked at said suspension 11 from the anti-FUREKISHA side. This 
suspension 11 is equipped with the base section 19 and the load beam 21. 
[0054] Said base section 19 is equipped with the base plate 22. This base plate 22 is 
attached in the carriage arm 9 of said drawing 1 . Said base plate 22 is formed with 
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stainless steel etc., and consists of a flange 23 and the boss section 25. 
[0055] Said flange 23 is seen from a flat surface in this operation gestalt, and presents a 
rectangle configuration, and the board thickness is set as about t= 0.15mm. In addition, 
a flange 23 can be seen from a flat surface and can also be formed in a circle 
configuration etc. 

[0056] Fitting of said boss section 25 is carried out to the mounting hole established in 
the carriage arm 9 of said drawing 1 , the path of the boss section 25 is expanded a little 
with a fixture etc., and immobilization to said carriage arm 9 is performed. 
[0057] Said load beam 21 gives a load load to the slider 17 of the head section 13 of a 
point. This load beam 21 is equipped with the rigid-body section 27 and the spring 
section 29 if the perspective view of drawing 3 is also referred to. Said rigid-body section 
27 is formed in the shape of [ from which the point 27a side serves as narrow gradually 
to end face section 27b ] about 3 square shapes. The thickness of this rigid-body section 
27 is set as about t= 100 micrometers. 

[0058] If drawing 4 which is the SA-SA view sectional view of drawing 3 is also referred 
to, said rigid-body section 27 makes resin layer 28c intervene between metal plate 28a 
and 28b, and has a three-tiered structure mutually fixed with adhesives etc. Said metal 
plates 28a and 28b are formed with stainless steel (SUS) etc., the thickness of one metal 
plate 28a is set as tl=38micrometer etc., and the thickness of metal plate 28b of another 
side is set as t3=20micrometer etc. Said resin layer 28c is formed on resin plates, such 
as polyimide (PI) and epoxy, and the thickness is set as t2=42micrometer etc. The sum 
total of these metal plates 28a and 28b and the thickness tl, t3, and t2 of resin layer 28c 
is set as 100 micrometers. However, a setup of this thickness is an example and overall 
thickness and the thickness of each plate can also be set as other thickness. 
[0059] Through tubes 31a, 31b, and 33 are formed in said rigid-body section 27. Through 
tubes 31a and 31b are the things for lightweight-izing, and a through tube 33 is a thing 
for positioning of FUREKISHA mentioned later. Said through tubes 31a, 31b, and 33 
are formed of etching etc. 

[0060] Point 27a of said rigid-body section 27 is one layer of only metal plate 28b. As for 
this point 27a, metal plate 28a and the resin layer 28 are removed by etching etc. Press 
forming of said dimple 37 is carried out to point 27a of said metal plate 28b. In addition, 
this dimple 37 contacts the tongue section of FUREKISHA mentioned later. 
[0061] And in this operation gestalt, the plastic-working section of said dimple 37 is 
performed only to one metal plate 28b. Therefore, compared with the case where a 
dimple 37 is formed in rigid-body section 27 of three layers itself, by preparing only in 
one metal plate 28b, plastic working is very easy and the accurate dimple 37 can be 



obtained. 

[0062] Said spring section 29 is formed in the edge of the rigid-body section 27 with the 
plate of one metal plate 28a and one, there is than the rigid-body section 27, for example, 
it is formed by one layer. [ less ] This spring section 29 is formed with stainless steel 
(SUS) in this operation gestalt, and that thickness is set as t= 38 micrometers. Opening 
39 is formed in this spring section 29, and the both-sides sections 41a and 41b are 
functioning on it as a spring part of a low spring constant. 

[0063] Reinforcement metal plate 43a which reinforces said base section 19 at the 
anti-rigid-body section side edge section of said spring section 29 is prepared in one. 
This reinforcement metal plate 43a is formed with stainless steel (SUS) in this 
operation gestalt, and that thickness is set as t= 38 micrometers. Resin layer 43c is 
made to intervene, other reinforcement metal plate 43b is doubled with this 
reinforcement metal plate 43a, and the reinforcement section 45 of the three -tiered 
structure mutually fixed with adhesive s etc. is formed. 

[0064] The relation of the reinforcement metal plates 43a and 43b in this reinforcement 
section 45 and resin layer 43c is set up identically to the metal plates 28a and 28b in 
said rigid-body section 27, and the resin layer 28. Therefore, metal plate 43b is formed 
with stainless steel (SUS), and the thickness is set as t= 20 micrometers. Said resin 
layer 43c is formed on resin plates, such as polyimide (PI) and epoxy, and the thickness 
is set as t= 42 micrometers. 

[0065] The outer-diameter configuration of said reinforcement section 45 is seen from a 
flat surface almost corresponding to the outer-diameter configuration of the flange 23 of 
said base plate 22, and is formed in the rectangle configuration. 

[0066] To said reinforcement section 45, like drawing 2 , it doubles and joining 
immobilization of the base plate 22 is carried out by laser welding etc. in the welding 48. 
In the state of attachment of this base plate 22, first transition 22a of a base plate 22 
meets in accordance with trailing-edge 39a of the opening 39 of said spring section 29. 
Therefore, since the end face section of the spring section 29 can be certainly supported 
with a base plate 22 when a base plate 22 is attached in carriage 5, by the spring section 
29, elastic support of the rigid-body section 27 can be carried out certainly, and an 
expected function can be demonstrated correctly. 

[0067] In addition, it miniaturizes rather than this operation gestalt, and the flange 23 
of a base plate 22 can also shift the first transition 22a to the boss section 25 side more 
from trailing-edge 39a of opening 39. Moreover, a flange 23 can also be circularly formed 
in the perimeter of the boss section 25. 

[0068] FUREKISHA 49 is attached in said rigid-body section 27 like drawing 2 . In 
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illustration of this FUREKISHA 49, the terminal area by the side of the other end is 
omitted. Said FUREKISHA 49 forms four tracks in the front face of metal substrates, 
such as a thin stainless steel rolled plate which has spring nature, through an electric 
insulation layer. Flow connection of the end of said track is made at the terminal of the 
head section 13, respectively, and flow connection of the other end is made at the 
terminal set up back, respectively. The tongue section 57 of said FUREKISHA 49 is 
equipped with said slider 17. Said tongue section 57 is in contact with the dimple 37 of 
said rigid-body section 27. Joining immobilization is carried out by the welding 61 to 
said rigid-body section 27, and joining immobilization of said FUREKISHA 49 is carried 
out in the welding 63 also in said base section 19 at the reinforcement section 45. 
[0069] Joining immobilization to the rigid-body section 27 and the reinforcement section 
45 of joining immobilization of the base plate 22 to said reinforcement section 45 and 
FUREKISHA 49 is performed like drawing 5 and drawing 6 . Drawing 5 is a sectional 
view in the welding of said base plate 22, and drawing 6 is a sectional view in the 
welding of said FUREKISHA 49. 

[0070] First, like drawing 2 and drawing 5 , a welding 48 is formed in one reinforcement 
metal plate 43b of the reinforcement section 45 of laser welding etc., and joining 
immobilization of the flange 23 of a base plate 22 is carried out. The hole 65 for meat 
omission is established in other reinforcement metal plate 43b and resin layer 43c by 
etching in the location by said welding 48 which carries out welding immobilization. 
Therefore, when carrying out joining immobilization of the base plate 22 by laser 
welding etc. at the reinforcement section 45, it is controlled that the heat of a welding 48 
does a thermal effect between adhesion between resin layer 43c, resin layer 43c and 
reinforcement metal plate 43a, and 43b. Therefore, the reinforcement function of the 
reinforcement section 45 is certainly maintainable, ensuring association with a base 
plate 22 and the reinforcement section 45. 

[0071] Drawing 6 shows the welding 61 in said rigid-body section 27 and the 
reinforcement section 45, attaches a parenthesis in the reinforcement section 45, and 
shows the correspondence. If it explains focusing on the welding 61 in said rigid-body 
section 27, welding immobilization of said FUREKISHA 49 is carried out by the welding 
61 at one metal plate 28b of the rigid-body section 27. the location which carries out 
welding immobilization by this welding 61 ■■ said — others " the hole 67 for meat 
omission is established in metal plate 28a and resin layer 28c by etching. Therefore, 
being able to carry out joining immobilization of FUREKISHA 49 certainly by the 
welding 61 at the rigid-body section 27, having a thermal effect on adhesion between 
resin layer 28c, resin layer 28c and metal plate 28a, and 28b at the time of laser welding 
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is controlled, and it can maintain the engine performance of the rigid -body section 27 
certainly. 

[0072] Etching processing of the load beam 21 equipped with said reinforcement section 
45 is performed even if [ like drawing 8 ]. Drawing 7 shows the outline of the 
manufacture approach of the load beam 21, and, as for the production process of a 
multilayer base material, and (b), resist spreading, exposure, a development process, 
and (c) of (a) are sectional views in which an SUS etching process and (d) show a resist 
exfoliation process, and (e) shows a resin etching process. 

[0073] First, the multilayer base material 71 of the three-tiered structure which made 
base material resin layer 69c intervene between base material metal plate 69a and 69b 
is formed at the process of drawing 7 (a). In addition, the multilayer base material 71 
increases a base material metal plate and a base material resin layer by turns 
depending on the increment in the layer of the rigid-body section 27 and the 
reinforcement section 45, and sets them as four or more layers. 

[0074] Next, resists 73 and 75 are applied to both sides of the multilayer base material 
71 at the process of drawing 7 (b). Resists 73 and 75 have holes 77, 79, 81, and 83, 
opening 85, etc., respectively. Negatives are exposed and developed at the process of this 
drawing 7 (b), and the removal sections 87, 89, 91, 93, and 95 are formed in the base 
material metal plates 69a and 69b like drawing 7 (c). 

[0075] Next, resists 73 and 75 are exfoliated at the process of drawing 7 (d). 

[0076] Next, at the process of drawing 7 (e), etching processing is carried out and the 

removal sections 97 and 99,101 are formed in base material resin layer 69b. 

[0077] By this manufacture approach, the removal sections 87, 89, and 97 can form the 

through tube 47 of drawing 3 , the removal sections 91, 93, and 99 can form the through 

tube 33 for a homotopic arrangement, and the spring section 29 can be formed in one 

layer by the removal section 95,101. 

[0078] In addition, although the spring section 29 was formed in one metal plate 28a of 
the rigid-body section 27, and one with the above-mentioned operation gestalt, it is also 
possible to form the spring section 29 in plate 28b of another side and one like drawing 
8 . With the operation gestalt of this drawing 8 , the board thickness of metal plate 28b, 
the spring section 29, and reinforcement metal plate 43b will be set as t= 38 
micrometers, and the board thickness of metal plate 28a and reinforcement metal plate 
43a will be set as t= 20 micrometers. 

[0079] The box pars convoluta lobuli corticalis renis 35 can also be formed in said 
rigid-body section 27 like drawing 9 and the load beam 21 of drawing 10 at pars 
intermedia right-and-left both sides. Drawing 9 corresponds to drawing 3 and drawing 
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10 supports drawing 8 . Said box pars convoluta lobuli corticalis renis 35 is for raising 
the rigidity of the rigid-body section 27 further. In this operation gestalt, it is a 
three-tiered structure, and since rigidity is high, the rigid-body section 27 can make 
small the box pars convoluta lobuli corticalis renis 35 as much as possible. 
[0080] Said box pars convoluta lobuli corticalis renis 35 forms a tongue-shaped piece in 
metal plate 28b, and bends this. Therefore, in this operation gestalt, the box pars 
convoluta lobuli corticalis renis 35 and the plastic-working section of a dimple 37 are 
performed only to one metal plate 28b. Therefore, by forming the box pars convoluta 
lobuli corticalis renis 35 in rigid-body section 27 of three layers itself, or preparing only 
in one metal plate 28b compared with the case where a dimple 37 is formed, plastic 
working is very easy and the accurate box pars convoluta lobuli corticalis renis 35 and 
an accurate dimple 37 can be obtained. In addition, the box pars convoluta lobuli 
corticalis renis 35 can also be formed only in metal plate 28a, and can also be prepared 
for the both sides of the metal plates 28a and 28b. 

[0081] Next, the rigid-body section 27 is made into the multilayer structure which made 
resin layer 28c intervene between metal plate 28a and 28b as mentioned above, and the 
basis which forms the spring section 29 in layers fewer than the rigid-body section 27 is 
explained. 

[0082] Control in the torsion mode which is generally easy to serve as big amplitude on 
a low frequency about the former 201, for example, suspensions, such as drawing 22 , is 
important, the direction of a truck of the slider 215 which is generated by **** with 
vibration called for by exciting the base section 209 in the case of torsion mode - the 
properties differ with a variation rate in many cases. The shake of a ********** 
suspension is carried out to it being called a suspension flutter and calling gain what is 
asked for what appears first with torsion mode henceforth by Tl flutter (1st Torsion 
mode), the call, and base-plate excitation. 

[0083] First, according to the analysis result by the Z direction configuration 
(henceforth, LB profile) of the load beam 203, the frequency characteristics of gain, and 
these people of the relation between Tl gain and Z height (Z direction height at the time 
of with a group), it turned out that Tl gain is controllable with LB profile. 
[0084] next - according to an experiment of these people - the case of a high rotation 
disk — T — it turned out that the relation between a variation rate and Z height tends to 
become a problem since sensibility is higher than that of Tl gain 1 flutter. The 
coping-with method is as follows, (l) Make small sensibility of the couple factor (Couple 
factor) over Z height. 

[0085] Said couple factor is shown by the degree type. 
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[0086] 

[Equation l] 



Load beam Tl amplitude expresses what measured the box pars convoluta lobuli 
corticalis renis near a dimple in structure like drawing 22 here, moreover, T - a 
variation rate measures the same suspension with a flutter measuring instrument 1 
flutter. (2) With a damper, absorb the energy of vibration and make load beam Tl 
amplitude small. (3) Consider as the configuration of a suspension of being hard to 
receive ****. (4) Make load beam Tl amplitude small by enlarging torsional rigidity of a 
load beam. 

[0087] I thought that achievement was possible by shortening die length extremely and 
enlarging conversely Z direction rigidity of rigid -body section 203a small [ rigidity / of 
spring section 203b / Z direction ], about the above (l). 

[0088] About the above (2), we decided to acquire the damper effectiveness by the resin 
layer. 

[0089] About the above (3), as a result of various experiments of these people, **** 
which a high rotation disk brings about worked as unsteady flow physical strength to 
the Z direction of a suspension, thought that each mode was excited, and presupposed 
that the cause of a suspension flutter is coped with. 

[0090] We decided to be able to calculate the torsional rigidity and to set up torsional 
rigidity in analysis, about the above (4). 

[0091] First, if the cause of generating of Tl flutter is assumed as mentioned above, 
angle-of-torsion theta of the dimple section is calculable from moment [ when unsteady 
flow physical strength F (t) which works to per unit area works to the hemihedry 
bordering on a load central beam axis ] M (x), and torsional rigidity S (x) required in 
analysis. 

[0092] Next, a coordinate is considered like drawing 11 . Drawing 11 (a) expresses the 
load beam form function of y=f (x), and moment M (x) which works in the rigid-body 
section of x locations becomes a degree type. 
[0093] 

[Equation 2] 



Torsional rigidity S (x) is calculable as a function of x, as shown in drawing 11 (b). 
Therefore, the above-mentioned (2) formula and angle of torsion in S (x) to the dimple 
section can be expressed with a degree type. 
[0094] 

[Equation 3] 



If unsteady flow physical strength F(t) =1, the above-mentioned (3) formula will turn 

into a degree type. 

[0095] 

[Equation 4] 



T [ as opposed to / it is alike, and follow, and load beam Tl amplitude decreases, and / Z 
height ] to which the value of the count result of this (4) type and the experimental 
result by these people to theta becomes small - it became clear that the sensibility of a 
variation rate also became small 1 flutter. 

[0096] Further, if the load shape of beam is considered to be f(x) =B-, moment M (x) and 

torsional rigidity can be expressed with the dimension of a degree type here. 

[0097] 

[Equation 5] 



Here, G is modulus of transverse elasticity and h is the board thickness of a load beam. 
Angle -of- torsion theta of the dimple section becomes the dimension of a degree type 
from (4), (5), and (6) types. 
[0098] 

[Equation 6] 
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(7) As shown in a formula, in order to make theta small, it is thick in board thickness h, 
short in die-length L, and narrow in width of face B, and it necessary to enlarge 
modulus of transverse elasticity G. 

[0099] On the other hand, Tl frequency is expressed with the dimension of a degree 

type. 

[0100] 

[Equation 7] 



Here, supposing C/rho is fixed, for raising Tl frequency, it is thick in board thickness h, 

and short in die-length L, and it necessary to narrow width of face B. Although this is in 

agreement with the approach of making theta small, the degrees differ. 

[0101] Based on consideration of the above applicants for this patent, structure of a 

suspension 11 is made into multilayer structure as mentioned above. 

[0102] Next, the graph of drawing 12 explains that the three-tiered structure article 

conventionally applied to the 1st operation gestalt etc. to elegance is lightweight-ized. 

[0103] In drawing 12 , if it is the 1st column, the 2nd column, the 3rd column, the 4th 

column, and the 5th column from the left, the name of each part is shown in the 1st 

column, thickness is shown in the 2nd column, the weight distribution of each part of 

elegance is conventionally shown in the 3rd column, the weight distribution of the 1st 

three-tiered structure article is shown in the 4th column, and the weight distribution of 

the 2nd three-tiered structure article is shown in the 5th column. As a part, a base plate, 

a load beam, the spring section, FUREKISHA, and a slider are shown. 

[0104] The thickness of t= 0.1mm and the spring section is set [ the thickness of a base 

plate ] as t= 38 micrometers for the thickness of t= 0.15mm and a load beam. 

[0105] Conventionally, the load beam of elegance is formed with stainless steel (SUS), 

and the thickness of the whole is t= 100 micrometers. The metal plate according [ the 

1st three -tiered structure article ] to stainless steel (SUS) is t= 25 micrometers in 

thickness, respectively, and is t— 50 micrometers, and the thickness of the resin layer of 

polyimide (PI) has become t= 100 micrometers on the whole. 

[0106] As for the 2nd three- tiered structure article, the thickness of both the metal plate 
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of stainless steel (SUS) is set as t= 38 micrometers and t= 20 micrometers, and the 
thickness of the resin layer of polyimide (PI) is t= 42 micrometers, and is set as t= 100 
micrometers on the whole. 

[0107] And conventionally, the weight of each part of elegance is as being shown in the 
3rd column, and has become 51.0mg in total. The weight of each part of the 1st and 2nd 
three -tiered structure article is as being shown in the 4th column and the 5th column, 
and total weight was set to 37.1mg with 35.6mg and the 2nd three-tiered structure 
article in the 1st three-tiered structure article. 

[0108] thus - the 1st three-tiered structure article - the former - elegance -- comparing 
the 30% and 2nd three-tiered structure article - said - it was able to Hghtweight-ize 
27%, respectively. That is, large lightweight- ization can be attained, being able to raise 
the rigidity of the rigid-body section of a load beam by the same thickness by 
considering as three-tiered structure articles, such as the 1st operation gestalt. 
[0109] Drawing 13 - drawing 16 show the experimental result, drawing 13 — a 
********** off-track - the direction [ as opposed to / the measurement result of a 
variation rate is shown, drawing 14 shows the measurement result of the transfer 
function of a suspension, and drawing 15 shows the measurement result of Z height (Z 
direction height at the time of with a group), and ********** Tl load beam angle of 
torsion, and / change of Z height in drawing 16 ] of ********** Tl off- track - the 
measurement result of a variation rate is shown. Drawing 17 makes these experimental 
results a graph. 

[0 110] In drawing 13 , drawing 14 , drawing 15 , and drawing 16 , (a) is as a result of [ of 
the suspension 11 of the above-mentioned operation gestalt ] measurement, and ** (b) is 
as a result of [ of the conventional article of the same die length as (a) shown in drawing 
22 ] measurement. Moreover, as for the load beam of a three-tiered structure article, the 
thickness of t= 38 micrometers, the metal plate of t= 20 -micrometer stainless steel 
(SUS), and the resin layer of polyimide (PI) with a thickness of t= 42 micrometers are 
used like drawing 17 . The mass of the sum total of a three -tiered structure article is 
37.1mg. As for the load beam of elegance, stainless steel (SUS) with a thickness [ of t= 
51 micrometers ] and a mass of 49.1mg is used conventionally. A laser Doppler speed 
indicator performs measurement and base-plate excitation is performing gain 
measurement. Gain = they are an output/input. Flutter measurement turned the disk 
and observed the shake. Measured value = it is an output. 

[0111] Refer to drawing 13 , drawing 15 , and drawing 16 for a **** property with 
reference to drawing 14 in the resonance characteristic from these experimental results 
first. The off-track Z height sensitivity (sensitivity) in the Tl mode at that time refers 
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[ a ********** off-track (OFF TRACK) (magnitude of a ********** shake) ] to drawing 

15 for the load beam angle -of* torsion Z height sensitivity (sensitivity) in the Tl mode 
with reference to drawing 16 with reference to drawing 14 . In addition, in drawing 15 
and drawing 16 , the unit of an axis of abscissa is mm and the magnitude doubles the 
double digits shown in the axis of abscissa 0.0254. 

[0112] although the resonance frequency in the Tl mode was 9.0 (kHz) in the 
three-tiered structure article of drawing 13 (a) - receiving - the conventional article of 
drawing 13 (b) - said - it is 5.0 (kHz) and there was a dominance point that the 
resonance frequency of Tl flutter became very high, in a three-tiered structure article 
( drawing 17 ). 

[0113] although [ next, ] resonance frequency was 17.8 (kHz) in the three-tiered 
structure article of drawing 14 (a) about sway (SWAY) - receiving - the conventional 
article of drawing 14 (b) said - it is 12.5 (kHz) and the dominance point that the 
resonance point of sway became remarkably high had the three-tiered structure article 
( drawing 17 ). In addition, it can judge by change of a phase that it is sway (SWAY). 
[0114] although [ next, ] the average of an angle -of- torsion experimental result was 
0.0004 (deg) irrespective of change of Z height in the three-tiered structure article of 
drawing 15 (a) about ********** Tl load beam angle of torsion receiving - the 
conventional article of drawing 15 (b) ■- said it was 0.005 (deg). Consequently, in a 
three-tiered structure article, ********** angle of torsion became 1/10 or less [ of 
elegance ] conventionally, and there was a dominance point that it was very strong to 
**** ( drawing 18 ). 

[0115] Therefore, in the three-tiered structure article of drawing 16 (a), the variation 
rate was stable irrespective of change of Z height about ********** Tl off-track, and the 
inclination was not so large. On the other hand, in the conventional article of drawing 

16 (b), the variation rate changed a lot to change of Z height, and the inclination became 
large fairly so that clearly from drawing. Change of this Z height is what assumed the 
range which may shift to a design value by dispersion as a suspension, and dispersion at 
the time of assembly, and a reliable suspension will be obtained if stabilized like a 
three-tiered structure article in this range. On the other hand, conventionally, in 
elegance, the property changed Z height a lot by 36x0.0254mm and 20x0.0254mm, and 
the dependability in 20x0. 0254mm became remarkably low. Since a ********** shake 
did a three -tiered structure article small these results compared with elegance 
conventionally, the readout and the write-in defect have been improved sharply and 
there was a dominance point that track density could be raised ( drawing 17 ). 

[0116] These experimental results were able to coincide with well the above-mentioned 
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consideration of an applicant for this patent, they could attain a raise in the rigidity of 
the rigid-body section 27, and low spring constant-ization of the spring section 29, 
attaining lightweight-ization with a three -tiered structure article, and were able to 
acquire each dominance point describing above certainly. 

[0117] Furthermore, since it supported the reinforcement section 45 of said three-tiered 
structure to the base plate 22 attached in said carriage arm 9, said base section 19 can 
reinforce a base plate 22 certainly, attaining lightweight-ization, can be stabilized more 
and can make the load beam 21 support to carriage 5. 

[0118] In this way, while controlling the amplitude of various resonance modes low, 
attaining lightweight-ization on the whole, high -fre que ncyization of resonance 
frequency can be attained and generating of a ********** suspension flutter can be 
controlled more certainly. (The 2nd operation gestalt) Drawing 18 and drawing 19 show 
the 2nd operation gestalt of this invention. The top view of suspension 11A which 
drawing 18 requires for the 2nd operation gestalt, and drawing 19 are the sectional 
views in the condition of having attached suspension 11A in the carriage arm 9. In 
addition, a same sign is attached and explained to the above-mentioned 1st operation 
gestalt and a corresponding component. 

[0119] Suspension 11A of this operation gestalt is suitable when the distance from the 
attaching point of the carriage arm 9 to a dimple 37 becomes long. Also in this operation 
gestalt, the rigid-body section 27 has a three-tiered structure which made resin layer 
28c intervene between metal plate 28a and 28b. The spring section 29 is formed in the 
edge of the rigid-body section 27 on the plate of one layer of metal plate 28b and one. 
The supporter 103 is formed in the anti-rigid-body section side at one at the spring 
section 29. 

[0120] The extension 105 is formed in the flange 23 of the base plate 22 in base section 
19A. Fixed support of the supporter 103 by the side of said spring section 29 is carried 
out by laser welding etc. at the extension 105 by the side of this base plate 22. 
[0121] According to such structure, the rigid -body section 27 can acquire the damper 
effectiveness of resin layer 28c while attaining high rigidity-ization, attaining 
lightweight-ization by the three -tiered structure which made resin layer 28c intervene 
between metal plate 28a and 28b. Moreover, the spring section 29 can attain low spring 
constant-ization by being formed with the plate of one layer of metal plate 28d one. 
[0122] Therefore, also in this operation gestalt, the almost same operation effectiveness 
as the 1st operation gestalt can be done so. Moreover, in this operation gestalt, since it is 
what fixes to the extension 105 by the side of a base plate 22 the supporter 103 formed 
in the spring section 29 at one by laser welding etc., manufacture is easy and can attain 
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lightweight-ization more. (The 3rd operation gestalt) Drawing 20 shows the outline 
sectional view of suspension 11B concerning the 3rd operation gestalt of this invention. 
In addition, a same sign is attached and explained to the 1st operation gestalt and a 
corresponding component. 

[0123] Although the hole for lightweight-izing is formed in reinforcement section 45of 
said suspension 11B B, it is not illustrating in drawing 20 . Moreover, although the hole 
is formed also in the boss section 25 of base section 19B at inner circumference, it is not 
illustrating. 

[0124] And in this operation gestalt, to the three-tiered structure which made resin 
layer 107c intervene between metal plate 107a and 107b, rigid-body section 27of load 
beam 2 IB B forms the metal plates 107d and 107f through the resin layers 107e and 
107g further up and down, and considers as 7 layer structure. 

[0125] Reinforcement section 45of said base section 19B B has the reinforcement metal 
plates 109a, 109b, 109d, and 109f and resin layers [ 109c, 109e, and 109g ] structure of 
seven layers like rigid-body section 27B. 

[0126] Said spring section 29B forms the metal sections 110a and 110b in the metal 
plates 107a and 107b, the reinforcement metal plates 109a and 109b, and one, and 
forms resin section 110c in the resin layers 107c and 109c of rigid-body section 27b and 
reinforcement section 45B, and one, makes the layer of spring section 29B three layers, 
and makes it fewer than the layer of rigid-body section 27b and reinforcement section 
45B. 

[0127] Moreover, with this operation gestalt, especially a base plate is not prepared but 
the boss section 25 is being directly fixed to reinforcement metal plate 109d of 
reinforcement section 45B. The thickness of rigid-body section 27B, spring section 29B, 
and the whole reinforcement section 45B is formed like for example, the 1st operation 
gestalt. 

[0128] Therefore, also in this operation gestalt, the same operation effectiveness as the 
above-mentioned 1st operation gestalt can be done so by rigid-body section 27B of 
multilayer structure, reinforcement section 45B, and spring section 29B of multilayer 
structure with few layers than these. Moreover, in this operation gestalt, since the resin 
layer is increasing, lightweight-ization can be attained more. 

[0129] In addition, in the above-mentioned operation gestalt, reinforcement section 45B 
can also be made the configuration of only one layer of a reinforcement metal plate. 
Moreover, the boss section 25 of base section 19B can also be made the configuration 
which omits and attaches reinforcement section 45B in the direct carriage arm 9. 
[0130] Spring section 29B can also be made into 1 layer structure of the two-layer 



structure of metal section 110a or 110b, and resin section 110c, metal section 110a, or 
110b. Moreover, it is not restricted to the structure where the location of the direction of 
a layer of the metal sections 110a and 110b and resin section 110c is arbitrary, and resin 
section 110c is inserted into the metal sections 110a and 110b. For example, either 
metal section 110a or 110b can be made into the resin section. In this case, it can also be 
made the configuration of changing the quality of the material of resin with resin 
section 110c, resin section 110a, or 110b. (The 4th operation gestalt) Drawing 21 shows 
the outline sectional view of suspension 11C concerning the 4th operation gestalt of this 
invention. In addition, a same sign is attached and explained to the 1st operation 
gestalt and a corresponding component. Illustration has not been carried out although 
the hole of lightweight-izing is originally established in said reinforcement section 45C. 
Moreover, illustration has not been carried out although the inner circumference hole is 
formed also in the base plate 22. 

[0131] In this operation gestalt, resin layer 111c is made to intervene between metal 
plate 111a and 111b, and rigid-body section 27C of load beam 21C is made into the 
three-tiered structure. Moreover, reinforcement section 45C of base section 19C is taken 
as the three-tiered structure which made resin layer 113c intervene between 
reinforcement metal plate 113a and 113b. 

[0132] Spring section 29C forms in another object, and is combined with rigid-body 
section 27C and reinforcement section 45C by laser welding etc. at metal plate 111b of 
rigid-body section 27C, and reinforcement metal plate 113b of reinforcement section 
45C. Overall thickness, such as rigid-body section 27C of this suspension 11C, spring 
section 29C, and reinforcement section 45C, is set up like the 1st operation gestalt. 
[0133] Therefore, also in this operation gestalt, the almost same operation effectiveness 
as the 1st operation gestalt can be done so by the three-tiered structure of rigid-body 
section 27C, 1 layer structure of spring section 29C, and the three-tiered structure of 
reinforcement section 45C. Moreover, in this operation gestalt, since spring section 29C 
is formed in another object, the thickness of spring section 29 C and the degree of 
freedom of a configuration can be extended. 

[0134] In addition, rigid-body section 27C is possible not only for a three-tiered 
structure but increasing a resin layer and a metal plate and making it the multilayer 
structure of four or more layers. Moreover, it considers as the multilayer structure of 
four or more layers similarly, or reinforcement section 45C can also be made one layer of 
only a reinforcement metal plate, and the two-layer structure of a resin layer and a 
reinforcement metal plate. 

[0135] This is omitted and the base plate 22 of base section 19C can also make 
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reinforcement section 45C into the structure directly fixed to the carriage arm 9. 
Furthermore, said spring section 29C can be extended and constituted to either the field 
shown in the inferior surface of tongue of rigid-body section 27C with an alternate long 
and short dash line, or the field shown in the inferior surface of tongue of reinforcement 
section 45C with an alternate long and short dash line. When it extends to one side, 
another side serves as a configuration which is not extended. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing l] a part of hard disk drive which applied the 1st operation gestalt of this 
invention — it is a sectional view. 

[Drawing 2] It is the perspective view which started the 1st operation gestalt and looked 
at the suspension for disk drives from the anti-FUREKISHA side. 

[Drawing 3] The 1st operation gestalt is started and it is the perspective view of a load 
beam. 

[Drawing 4] The 1st operation gestalt is started and it is the SA-SA view sectional view 
of drawing 4 . 

[Drawing 5] The 1st operation gestalt is started and it is the SB-SB view sectional view 
of drawing 2 . 

[Drawing 6] The 1st operation gestalt is started and it is a sectional view in weldings 61 
and 63. 

[Drawing 7] The 1st operation gestalt is started, the outline of the manufacture 
approach of a load beam is shown, and, as for the production process of a multilayer 
base material, and (b), resist spreading, exposure, a development process, and (c) of (a) 
are sectional views in which an SUS etching process and (d) show a resist exfoliation 
process, and (e) shows a resin etching process. 

[Drawing 8] The modification of the 1st operation gestalt is started and it is the 
perspective view of a load beam. 

[Drawing 9] Other modifications of the 1st operation gestalt are started and it is the 
perspective view of a load beam. 

[Drawing 10] The modification of further others of the 1st operation gestalt is started, 
and it is the perspective view of a load beam. 

[Drawing ll] It is the graph with which the 1st operation gestalt is started, (a) shows 

the graph of a load beam form function, and (b) shows torsional rigidity. 

[Drawing 12] It is the graph in which starting the 1st operation gestalt and showing 
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lightweight-ization of the three-tiered structure article to elegance conventionally. 
[Drawing 13] the ********** off-track which (a) requires for the 1st operation gestalt - 
it is the graph which shows the experimental result of a variation rate, and (b) is a 
graph which shows this experimental result of elegance conventionally. 
[Drawing 14] (a) is a graph which shows the experimental result of the transfer function 
concerning the 1st operation gestalt, and (b) is the graph of the experimental result of 
the transfer function of elegance conventionally. 

[Drawing 15] (a) is a graph which shows the experimental result of the relation of Z 
height and ********** Tl load beam angle of torsion concerning the 1st operation 
gestalt, and (b) is a graph which shows the experimental result of the relation between 
Z height of elegance, and ********** Tl load beam angle of torsion conventionally. 
[Drawing 16] (a) - Z height of the 1st operation gestalt, and the direction of ********** 
Tl off-track - the graph which shows the experimental result of relation with a 
variation rate, and (b) - the former -■ Z height of elegance, and the direction of 
********** 0 ff-track ■■ it is the graph which shows the experimental result of relation 
with a variation rate. 

[Drawing 17] It is the graph in which starting the 1st operation gestalt and showing the 
comparison of an experimental result with elegance a three-tiered structure article and 
conventionally. 

[Drawing 18] It is the top view of the suspension for disk drives concerning the 2nd 
operation gestalt of this invention. 

[Drawing 19] a part of hard disk drive which applied the 2nd operation gestalt " it is a 
sectional view. 

[Drawing 20] It is the outline sectional view of the suspension for disk drives concerning 
the 3rd operation gestalt of this invention. 

[Drawing 21] It is the outline sectional view of the suspension for disk drives concerning 
the 4th operation gestalt of this invention. 

[Drawing 22] It is the perspective view of the suspension for disk drives concerning the 
conventional example. 

[Drawing 23] It is the perspective view of the suspension for disk drives concerning 
other conventional examples. 

[Drawing 24] It is the SOSC view sectional view of drawing 23 . 
[Description of Notations] 
5 Carriage 

11, 11A, 11B, 11C Suspension 
13 Head Section 
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21, 21A, 21B, 21C Load beam 
19, 19A, 19B, 19C Base section 
22 Base Plate 

27, 27B, 27C Rigid-body section 
29, 29A, 29B, 29C Spring section 
45, 45B, 45C Reinforcement section 

28a, 28b, 28c, 107a, 107b, 107d, 107f, 111a, 111b Metal plate 
28c, 43c, 107c, 107e, 107g, 109c, 109e, 109g, 111c, 113c Resin layer 
43a, 43b, 109a, 109b, 109d, 109f, 113a, 113b Reinforcement metal plate 
103 Supporter 
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